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Abstract
A two-leg cruise of R/V G. O. Sars in summer of 2004 along the Mid-Atlantic Ridge explored the diversity and distribution
patterns of pelagic and non-hydrothermal bottom communities in the vicinity of the northern Mid-Atlantic Ridge. In total,
1295 cephalopods were caught, representing 56 species. Differences in species composition and size were apparent among
the various types of trawls used. The Aakra trawl and bottom trawl caught the largest numbers of species (38 and 34,
respectively); size of cephalopods was directly related to the size of the net. Many more species were caught in the southern
part of the study area than farther north. The most abundant species was Gonatus steenstrupi, found mostly in the northern
part of the study area. A few abundant species, such as Mastigoteuthis agassizii, were found throughout the region, with no
clear indication that their northern or southern distributional limits occur within the area sampled. Several benthic and one
pelagic species, all taken in small numbers, were captured only in the region of the Charlie Gibbs Fracture Zone. We found
many species at very low numbers (i.e. 37 species withB10 specimens in all gear types combined).
Key words: Bathypelagic, deep sea, distribution, epibenthic, mesopelagic, octopods, squids, trawling-gear comparisons,
zoogeography
Introduction
Despite the global distribution and extensive area of
mid-ocean ridges, few investigations have been
dedicated to the study of the non-hydrothermal
animal communities inhabiting these characteristic
regions of the world ocean. Furthermore, the rather
extensive literature on deep-sea biogeography fo-
cuses largely on benthic infauna and epibenthic
megafauna, especially around the continental mar-
gins and the abyssal plain. Studies of deep-sea
nekton have also been concentrated along the
continental slopes and rises and a few seamounts.
Knowledge of pelagic biogeography in the ocean has
been based mostly on epi- and mesopelagic patterns.
Thus, little is known about distribution patterns of
bathypelagic and deep benthopelagic nekton. Ridges
and overlying waters may have characteristic faunas,
and they may also significantly influence the pro-
cesses affecting the slope and shelf biota, such as
intercontinental migration and dispersion. A Census
of Marine Life pilot project focusing on the pelagic
and epibenthic ecosystems associated with the Mid-
Atlantic Ridge from Iceland to the Azores has been
implemented to understand the structure and func-
tion of mid-ocean ridge communities (Bergstad et al.
2008). The main aim of the project, known as MAR-
ECO (http://www.mar-eco.no/), is to describe and
understand the patterns of distribution, abundance
and trophic relationships of the organisms inhabiting
the mid-oceanic North Atlantic, examining patterns
both along and across the ridge. Cephalopods
comprise a potentially important component of
both the deep-pelagic and near-bottom communities
of this area.
A two-leg cruise of R/V G. O. Sars in 2004 along
the Mid-Atlantic Ridge explored the diversity and
distribution patterns of deep pelagic and non-
hydrothermal bottom communities of the northern
Mid-Atlantic Ridge in summer. Relatively few speci-
mens of most cephalopod species were captured.
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The cephalopod catch, however, did provide valu-
able information such as species composition, dis-
tribution, and relative abundance for cephalopods in
this region.
No cephalopod data comparable to that of the
MAR-ECO cruise have previously been published
on the high North Atlantic. One of the most
intensive studies in the Western North Atlantic
occurred between 1986 and 1989 in a limited area
of the continental slope off Nova Scotia from about
418N448N and 548W648W (Vecchione & Pohle
2002). That study used large pelagic trawls during
seven cruises at various times of the year. It provided
detailed information on cephalopod species compo-
sition, local distribution, and relative abundance for
the area and showed the importance of the con-
tinental slope to the distribution of some pelagic
species. In the eastern North Atlantic a study to
examine vertical distribution patterns of pelagic
cephalopods was conducted at roughly 108 latitudi-
nal spacing from 118 to 608N at 20258W (Clarke &
Lu 1974, 1975; Lu & Clarke 1975). Although that
study used relatively small nets and much of their
catch consisted of paralarvae or juveniles, it has since
formed the basis for our understanding of pelagic
cephalopod biogeography in the central North
Atlantic Ocean, showing both patterns of depth
distribution, especially for the mesopelagic, and
a latitudinal gradient of species richness. Detailed
information on worldwide distributions is available
for only a few cephalopod species (Thore 1949;
Kristensen 1981; Voss 1985; Voss et al. 1998;
Collins & Henriques 2000). Several studies have
published general species-distribution maps for the
North Atlantic or parts thereof (e.g. Nesis 1985,
2003; Frandsen & Zumholz 2004), but these do not
provide the actual catch data from which the maps
were derived. Most of the remaining data we have
surveyed come from a variety of much older studies
using much smaller trawls. A considerable amount
of biogeographic data on cephalopods exist in
museum records, some of which have been made
available through the Internet. However, the rather
confused state of cephalopod identifications in his-
torical records reduces the reliability of inferences
made from the archival data without re-examination
of the specimens on which they are based.
Although considerable information exists on the
distribution of cephalopods at various specific loca-
tions in the Atlantic, little is available on transitions
between faunal regions or the distributional limits
of individual species. The MAR-ECO study pass-
ed through two faunal provinces (North Atlantic
Drift Province and East North Atlantic Subtropical
Gyral Province) which provided a detailed look at
how the cephalopod fauna changed with latitude. In
addition, this study provided extensive data on the
distribution of species in this region.
Material and methods
The MAR-ECO cruise of the R/V G.O. Sars sampled
the North Atlantic in the vicinity of the Mid-Atlantic
Ridge during JuneJuly 2004 from near Iceland at
608N, 288W to just north of the Azores Islands at
418N, 288W. The cruise was divided into two legs
(Figures 1 and 2), the first of which focused on
pelagic sampling throughout the study area, and the
second concentrated on bottom trawling and ROV
operations in the area just north of the Azores in a
region we called the ‘southern box’ (42840’43810’
N, 28800’30830’ W) and in areas just north and
south of the Charlie Gibbs Fracture Zone (CGFZ).
Because this was a biodiversity exploration cruise,
many sampling gears were employed, to collect as
broad a range of the fauna as possible. Gear and
methods used on the cruise are described in great
detail by Wenneck et al. (2008). The data presen-
ted here on cephalopods come from both legs of
the cruise, trawling with four types of nets. Also
included are a few general observations from the 24
ROV dives conducted during the cruise.
The first leg included sampling with (1) a double-
warp trawl with five cod ends, referred to here as the
Krill trawl, with 66-m mouth opening, 33-mm
mesh (6 mm, stretched) from the mouth to the cod
end, a length of 45 m and standard, pelagic-trawl
doors for micronekton (17 stations), (2) a medium-
sized pelagic fish trawl with three cod ends, called
the Aakra trawl, with a vertical opening of 2035 m,
a door spread of 110 m, graded-mesh netting in the
wings and body of the net, and a cod-end mesh size
of 22 mm (stretched) as the standard pelagic-nekton
sampler (16 stations), and (3) a large mid-water
trawl, called the Egersund trawl, with a vertical
opening of 90180 m, a door spread of 150 m and a
cod-end mesh size of 22 mm, (stretched) to attempt
to catch large specimens (5 stations). Both (1) and
(2) were towed in a stepped oblique pattern from a
maximum depth of about 2500 to 3000 m, or close
to the bottom in shallower depths, to the surface
while closing and opening successive cod ends to
sample quasi-discrete depths. For the geographic
patterns presented below, we pooled results from all
cod ends for each net type at a particular station. Net
(3) was deployed opportunistically at a few stations
and generally targeted a single depth stratum.
The fourth gear, a bottom trawl, was used exclu-
sively on the second leg to target demersal and
benthopelagic nekton (22 stations). The net was a
shrimp trawl towed on double warps at a speed of
about 2 knots (1.03 m/s). The trawl doors were
26 M. Vecchione et al.
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standard bottom V-type with an area of 6.7 m2 and a
weight of 2250 kg. The total distance between
the doors and the wing ends was 50 m. Horizontal
opening between the upper bridles at the wing tips
was 17 m at 50 m door spread. Vertical opening was
4.5 m at 50 m doorspread. The cod end was equipped
with a liner of 22 mm square knotless meshes. The
ground gear (rockhopper type, with discs of 35 cm
diameter) travelled 3.5 m behind the headrope in the
centre of the trawl. The 5000 m of 24 mm wire
permitted trawling to 3500 m bottom depth.
As we discuss below, entanglement of cephalo-
pods, with their prehensile arm crowns, in the trawl
mesh is a serious problem, both for quantification of
the catch and quality of the specimens. With all
four trawl types we collected all cephalopods from
the cod-end catch, and tried to recover, when
possible, some of the many that were entangled in
the mesh. However, only a small percentage of the
latter were recovered, primarily because of safety
concerns during net retrieval. As a result, obtaining
reliable counts for cephalopods captured was not
possible for the three larger trawls. We do not
attempt, therefore, to standardize catches (e.g. as
did Sutton et al. 2008) for inter-gear comparisons or
absolute abundances and instead rely on more
qualitative, total numbers obtained for each species
per tow. Differences between trawling times of the
same type of trawl did not seem to be a serious
problem as the trawl durations were fairly consistent,
so we have not adjusted total numbers for trawling
time of each sample.
Tissue samples for DNA analyses were collected
from specimens of most species. Voucher specimens
of all species and, in fact, a large percentage of all
cephalopods collected, have been archived at the
Bergen Museum, Norway.
We mention below a few observations from ROV
operations. As is detailed by Wenneck et al. (2008),
these dives were conducted on both legs, but
primarily on the second leg. Time was devoted to
searching both the water column and the bottom.
Figure 1. Species richness at pelagic-trawl stations using three types of trawl. Dashed line indicates the location of the southern box
discussed in the text.
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Results
In all, 54 cephalopod species in 29 families were
collected (Table I).
Trawl comparisons
Although our data do not allow quantitative compar-
isons, obvious differences were apparent. Interpreta-
tion of these differences, however, is problematic. For
example, our most abundant species was Gonatus
steenstrupi. Of small G. steenstrupi specimens (30 mm
mantle length [ML] or smaller), 96% came from the
Krill trawl (237 squid from the Krill trawl, 9 from
the Aakra trawl, 0 from the Egersund trawl and 2 from
the bottom trawl). However, for large specimens of
this species (60 mm ML or greater), only about 1%
came from the Krill trawl (1 squid from the Krill trawl,
22 from the Aakra trawl, 29 from the Egersund trawl
and 16 from the bottom trawl). Possibly these
differences between the Krill and larger trawls are
due to small squids passing through the larger meshes
and perhaps due in part to small squids getting
overlooked or squashed beyond recognition among
the large volume of the catches in the larger trawls. At
100 mm ML or more, the Aakra trawl caught two
G. steenstrupi, the Egersund trawl (with far fewer
tows) caught eight, the bottom trawl caught seven,
and the Krill trawl caught none. Only six species are
represented by two or more captures in the Egersund
trawl. Of these six, the median size caught in the
Egersund trawl was in all cases larger than that of the
same species caught in the Aakra trawl. Maximum
sizes of five of these six species came from Egersund
trawls (Table II). While there are problems with this
simple comparison, it suggests that for squids, the
larger mid-water trawls capture larger squids. Com-
parisons could not be made between Egersund and
bottom trawls because of the low overlap in sampling
areas.
The various gear types differed distinctly in the
number of cephalopod species they collected (Table
II). Aakra-trawl samples were most speciose, consist-
ing of 38 species. The bottom trawl was only slightly
less so, with 34 species, although many of these
Figure 2. Species richness at bottom-trawl stations. Dashed line indicates the location of the southern box discussed in the text.
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are considered to be pelagic species and probably
were caught during either deployment or retrieval of
the bottom trawl. The Krill trawl caught substantially
fewer species (25) than the Aakra, and the Egersund
took even fewer (18). Numbers for the Egersund,
however, are confounded by the lack of successful
Egersund tows south of CGFZ; the southern area
unsampled by the Egersund is the region with the
highest numbers of species in the other gear types.
Although the Egersund caught fewer species than the
Krill trawl overall, in areas where the two gears were
both used, more species were taken by the Egersund
than the Krill trawl (Figure 1). Only one such
comparison is available for the Egersund versus the
Aakra trawl, near the CGFZ; in that case the
Egersund caught more species than the Aakra.
In the pelagic sampling with both the Aakra and
Krill trawls, many more species were caught in the
southern box than farther north (Figure 1), the
trend was especially clear for the Aakra trawl. A
similar pattern was apparent for the bottom trawl
(Figure 2), although less distinct. In the bottom-
trawl transects across the ridge, there appears to be
a tendency toward higher species richness asso-
ciated with ridge crest compared with the flanks,
both in the southern box and the northern transect
of CGFZ.
Table I. Cephalopod species sampled during G. O. Sars Expedi-
tion, JuneJuly 2004 (i.e. both legs combined). Higher-level
classification follows Vecchione et al. (in press).
Class CEPHALOPODA
Subclass COLEOIDEA
Division NEOCOLEOIDEA
Superorder DECAPODIFORMES
Order SEPIOIDEA
Suborder SEPIOLIDA
Family SEPIOLIDAE
Heteroteuthis dispar (Ruppell, 1844)
Order OEGOPSIDA
Family BATHYTEUTHIDAE
Bathyteuthis abyssicola Hoyle, 1885
Bathyteuthis sp. A (cf. B. berryi Roper, 1968)
Family BRACHIOTEUTHIDAE
Brachioteuthis beanii Verrill, 1881
Family CHIROTEUTHIDAE
Chiroteuthis mega (Joubin, 1932)
Chiroteuthis veranyi (Ferussac, 1835)
Grimalditeuthis bonplandi (Verany, 1839)
Planctoteuthis levimana (Lonnberg, 1896)
Family CHTENOPTERYGIDAE
Chtenopteryx sicula (Verany, 1851)
Family CRANCHIIDAE
Bathothauma lyromma Chun, 1906
Galiteuthis armata Joubin, 1898
Helicocranchia pfefferi Massy, 1907
Leachia atlantica (Degner, 1925)
Taonius pavo (Lesueur, 1821)
Teuthowenia megalops (Prosch, 1847)
Family CYCLOTEUTHIDAE
Discoteuthis laciniosa Young and Roper, 1969
Family ENOPLOTEUTHIDAE
Abraliopsis morisii (Verany, 1839)
Family GONATIDAE
Gonatus steenstrupi Kristensen, 1981
Family HISTIOTEUTHIDAE
Histioteuthis bonnellii (Ferussac, 1835)
Histioteuthis corona (Voss and Voss, 1962)
Histioteuthis meleagroteuthis (Chun, 1910)
Histioteuthis reversa (Verrill, 1880)
Family JOUBINITEUTHIDAE
Joubiniteuthis portieri (Joubin, 1916)
Family LEPIDOTEUTHIDAE
Pholidoteuthis massyae (Pfeffer, 1912)
Family LYCOTEUTHIDAE
Lampadioteuthis megaleia Berry, 1916
Family MAGNAPINNIDAE
Magnapinna sp. A
Family MASTIGOTEUTHIDAE
Mastigoteuthis agassizii Verrill, 1881
Mastigoteuthis hjorti Chun, 1913
Mastigoteuthis magna Joubin, 1913
Family OCTOPOTEUTHIDAE
Octopoteuthis sicula Ruppell, 1844
Family OMMASTREPHIDAE
Todarodes sagittatus (Lamarck, 1798)
Family ONYCHOTEUTHIDAE
Ancistroteuthis lichtensteinii (Ferussac, 1835)
Onychoteuthis sp. A.
Family PROMACHOTEUTHIDAE
Promachoteuthis sloani Young, et al., 2006
Family PYROTEUTHIDAE
Pterygioteuthis gemmata Chun, 1908
Pyroteuthis margaritifera (Ruppell, 1844)
Table I. (Continued)
Superorder OCTOPODIFORMES
Order OCTOPODA
Suborder CIRRATA
Family CIRROTEUTHIDAE
Cirroteuthis muelleri Eschricht, 1836
Cirrothauma magna (Hoyle, 1885)
Cirrothauma murrayi Chun, 1911
Family OPISTHOTEUTHIDAE
Grimpoteuthis discoveryi Collins 2003
Grimpoteuthis wuelkeri (Grimpe, 1920)
Grimpoteuthis sp. A
Opisthoteuthis grimaldii (Joubin, 1903)
Opisthoteuthis sp.
Family STAUROTEUTHIDAE
Stauroteuthis syrtensis Verrill, 1879
Suborder INCIRRATA
Family ALLOPOSIDAE
Haliphron atlanticus Steenstrup, 1861
Family BOLITAENIDAE
Bolitaena pygmaea (Verrill, 1884)
Japetella diaphana Hoyle, 1885
Family OCTOPODIDAE
Bathypolypus pugniger Muus, 2002
Benthoctopus johnsoniana Allcock et al., 2006
Graneledone verrucosa (Verrill, 1881)
Family OCYTHOIDAE
Ocythoe tuberculata Rafinesque, 1814
Order VAMPYROMORPHA
Family VAMPYROTEUTHIDAE
Vampyroteuthis infernalis Chun, 1903
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Table II. Summary of catch by various trawl types. Species listed in order of total number of specimens for all gear types combined.
All gear Aakra trawl Krill trawl Egersund trawl Bottom trawl
Species Total N Total N Size range Median Total N Size range Median Total N Size range Median Total N Size range Median
Gonatus steenstrupi 465 117 18215 46 267 865 21 34 39287 73 47 27330 51
Mastigoteuthis agassizi 169 38 45121 77 3 1977 49 54 71130 97 74 49127 92
Teuthowenia megalops 85 39 27320 85 19 12159 32 17 110310 170 10 33194 60
Stauroteuthis syrtensis 76 15 25150 85 3 57155 106 33 30350 110 25 20185 110
Pyroteuthis margaritifera 48 41 1234 20 7 1033 22 0 0
Heteroteuthis dispar 46 44 2030 22 1 12 12 0 1 23 23
Bathyteuthis sp. A 30 17 3268 51 2 46 46 5 4976 57 6 3472 48
Galiteuthis armata 28 18 210345 280 4 2042 20 2 370500 435 4 182500 303
Ancistroteuthis lichtensteinii 27 20 1776 40 6 922 15 1 175 175 0
Lampadioteuthis megaleia 26 25 2236 28 1 27 27 0 0
Mastigoteuthis magna 39 18 35220 103 2 160170 165 16 nd nd 3 93160 127
Taonius pavo 23 19 72240 148 0 3 230300 276 1 nd Nd
Octopoteuthis sicula 22 16 24144 46 2 2739 33 3 4656 48 1 33 33
Histioteuthis reversa 16 14 22130 41 1 39 39 1 nd nd 0
Todarodes sagittatus 15 9 31148 96 2 44288 166 3 164188 174 1 61 61
Chtenopteryx sicula 14 9 1836 23 3 1028 2 6569 67 0
Opisthoteuthis grimaldii 14 0 0 0 14 1595 60
Brachioteuthis beanii 12 5 3041 35 6 1534 31 1 65 65 0
Histioteuthis bonnellii 12 4 12105 67 0 8 4696 79 0
Helicocranchia pfefferi 9 6 3568 54 3 2361 46 0 0
Grimpoteuthis discoveryi 8 0 0 0 8 50100 67
Pholidoteuthis massyae 7 7 4068 55 0 0 0
Chiroteuthis mega 6 4 160290 270 0 0 2 275310 293
Grimalditeuthis bonplandi 6 1 117 117 0 0 5 80100 95
Onychoteuthis sp. A 6 3 2953 43 1 15 15 2 5556 55 0
Planctoteuthis levimana 6 5 4470 60 0 1 47 47 0
Cirrothauma murrayi 6 0 0 0 6 15175 90
Grimpoteuthis sp. A 5 0 0 0 5 2062 22
Japetella diaphana 5 2 85 85 2 1783 50 0 1 70 70
Pterygioteuthis gemmata 5 4 1828 22 1 17 17 0 0
Cirroteuthis muelleri 3 0 0 0 3 4677 65
Haliphron atlanticus 4 3 5370 55 1 54 54 0 0
Histioteuthis corona 4 3 3444 38 1 24 24 0 0
Histioteuthis meleagroteuthis 4 3 2541 26 0 0 1 38 38
Leachia atlantica 4 3 4155 53 0 0 1 52 52
Mastigoteuthis hjorti 4 4 11216 20 0 0 0
Opisthoteuthis sp. 4 0 0 0 4 2032 25
Vampyroteuthis infernalis 4 2 90 90 0 1 80 80 1 135 135
Abraliopsis morisii 3 3 1836 25 0 0 0
Chiroteuthis veranyi 3 1 95 95 0 0 2 7290 81
Bathyteuthis abyssicola 2 0 0 0 2 5054 52
Bolitaena pygmaea 2 0 1 38 38 0 1 55 55
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Species distributions
The order of species accounts below follows the
systematic arrangement of Table I.
Distribution maps (Figures 313) are presented
for the commonest species, plus a few that illustrate
distinctive distribution patterns.
Sepioidea
Heteroteuthis dispar
This well-known species was originally described
from the Mediterranean Sea and is found throughout
much of the Atlantic. It was rare off Nova Scotia
(about 428N) (Vecchione & Pohle 2002) and was not
taken by Lu & Clarke (1975) at 408N or farther north.
All tows combined captured a total of 46 speci-
mens that ranged in size from 12 to 30 mm ML. All
but three captures were in the southern box between
41.28and 42.88N. The three more northern captures
came from three separate tows between 47.88and
52.28N (Figure 3). With one exception, presumably
a contaminant, all specimens came from between 0
and 800 m depth.
Oegopsida
Bathyteuthis abyssicola
This species was first described from the Indian
Ocean and is cosmopolitan in the world’s oceans. In
the western North Atlantic it is rare off Nova Scotia
(about 428N) (Vecchione & Pohle 2002) and was
taken by Lu & Clarke (1975) at 408N, but not farther
north. However, the identifications in previous stu-
dies are uncertain because of the recognition of a
second species in the region (Bathyteuthis sp. A).
Only two specimens of this species were taken and
they came from 438N and 538N and surprisingly
both were taken in bottom trawls.
Bathyteuthis sp. A
An unidentified and possibly new species, similar to
the B. berryi which is only known from the eastern
North Pacific, was taken in both pelagic and bottom
trawls. A detailed taxonomic investigation of these
specimens is ongoing.
Pelagic trawls captured 23 specimens ranging
from 32 to 96 mm ML, only one of which came
from the Krill trawl; benthic trawls captured six
specimens (3472 mm ML). In both trawl types,
captures were made essentially throughout the full
sampling area. We assume that the bottom captures
represent contaminants during setting and retrieval
of the trawl. Pelagic trawls caught 11 squid in depths
greater than 1800 m, an additional 6 at depths ofT
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8001800 m. The shallowest capture came in a Krill
trawl that fished between 205 and 684 m.
Brachioteuthis beanii
The systematics status of Brachioteuthis is poorly
resolved. Only a single species appeared to be present
from the MAR-ECO cruises and until the genus can
be reviewed worldwide we have assigned the MAR-
ECO species the name B. beanii, a species first
described from the western North Atlantic where it
is common at 428N (Vecchione & Pohle 2002) and off
Cape Hatteras (Roper & Vecchione 1996); we con-
sider it to be a North Atlantic endemic. In the eastern
North Atlantic, Lu & Clarke (1975) caught no B.
beanii (B. riisei in Lu & Clarke 1975) at 608N, but
caught numerous young (mostly paralarvae) at 538N
but none at 408N. Degner (1925) recorded this
species (as B. riisei) as far as 638N, 208W.
All pelagic trawls combined caught 10 squid, 15
65 mm ML; none were taken in bottom trawls. The
northernmost station at which B. beanii was caught
was near the CGFZ (52.758N) and the southern-
most station was in the southern box at 42.78N,
although all but two were caught north of 498N.
Eight of the 10 squid were taken in the upper 800 m.
Chiroteuthis mega
Chiroteuthis mega is a well-known species that was
originally described from the Sargasso Sea. It is
known from various localities in the North and
South Atlantic as well as the eastern Pacific, but
regional distributional limits have not been defined.
It was rarely caught in the western North Atlantic
at 428N (Vecchione & Pohle 2002) and was not
taken by Lu & Clarke (1975) at 408N or farther
north.
All pelagic trawls combined captured four speci-
mens and the bottom trawl captured two. All speci-
mens were taken in the southern box between 41.38
and 43.18N.
Figure 3. Distribution of Heteroteuthis dispar in pelagic-trawl stations.
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Chiroteuthis veranyi
This species is known throughout much of the
Atlantic and in the western North Atlantic from
the Gulf of Mexico to Nova Scotia (Roper & Young
1999). Off Nova Scotia (about 428N) this species
was common (Vecchione & Pohle 2002), but it was
not taken in the eastern Atlantic by Lu & Clarke
(1975) at 408N or farther north.
Three specimens were captured, two in bottom
trawls and one in a pelagic (Aakra) trawl, from 53 to
60.48N. Although specimens are few, this apparently
more northerly species did not overlap geographi-
cally with its congener.
Grimalditeuthis bonplandi
This distinctive and deep-living squid was first
described from the North Atlantic at 298N, 398W;
it is known from the tropical and subtropical North
Atlantic and the tropical and temperate North
Pacific (Young & Roper 2008). It was not taken off
Nova Scotia (about 428N) (Vecchione & Pohle
2002), although it has been found nearby at Bear
Seamount (about 408N, 678W; Vecchione, unpub-
lished observation). It was not found by Lu & Clarke
(1975) at 408N or farther north.
All trawls combined captured a total of 6 speci-
mens ranging in size from 80 to 117 mm ML.
Although G. bonplandi is typically considered a
pelagic species, only one specimen was taken in a
pelagic trawl (Aakra trawl), while five were taken in
bottom tows. It may therefore be bottom-associated,
as are some mastigoteuthids. All specimens were
taken in the southern box from 41.6 to 43.08N.
Planctoteuthis levimana
This small and poorly known species has been
recently redescribed from two specimens of the
MAR-ECO material that were in relatively good
condition (Young et al. 2006b). Members of this
genus are considered to be very deep-living squids
Figure 4. Distribution of Teuthowenia megalops in pelagic-trawl stations.
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(Young et al. 1999). The only other record of this
species is from the original description of a specimen
from 438N, 248W.
All trawls combined captured six P. levimana
ranging in size from 44 to 70 mm ML. Five of the
squid were taken at three stations in the southern
box at 41.342.78N. The remaining squid was
captured at 57.18N. All captures came in trawls
that fished to at least 1500 m.
Chtenopteryx sicula
The systematics of Chtenopteryx is poorly resolved.
Although most specimens were badly damaged, we
tentatively consider that all specimens belong to the
same species, C. sicula, which was originally de-
scribed from the Mediterranean Sea. Because of
taxonomic problems, the geographical distribution
of this species is uncertain. However, a member of
the genus was taken off Nova Scotia (about 428N)
(Vecchione & Pohle 2002) in small numbers and
another specimen taken nearby at Bear Seamount
(about 408N, 678W) is genetically identical to the
MAR-ECO specimens (Lindgren, personal commu-
nication). No member of the genus was taken by Lu
& Clarke (1975) at 408N or further north.
All trawls combined captured 14 specimens from
10 to 69 mm ML and all came from pelagic trawls
taken in the southern box between 41.2 and 42.88N.
Bathothauma lyromma
A single specimen, 65 mm ML, of this strange squid
was collected by the Akra trawl at 41811’N 28814’W.
Galiteuthis armata
This well-known and easily recognized species was
first described from the Mediterranean Sea. It was
rare off Nova Scotia (about 428N) (Vecchione &
Pohle 2002). Its presence was reported by Lu &
Figure 5. Distribution of Gonatus steenstrupi in pelagic-trawl stations.
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Clarke (1975), a single specimen at 408N in the
eastern North Atlantic, but not farther north.
All trawls combined captured 28 specimens ran-
ging from 20 to 500 mm ML. Pelagic trawls
captured specimens throughout the sampling range
(41.260.38N) and bottom trawls captured speci-
mens throughout their sampling range (43538N).
The smallest specimen, 20 mm ML, was taken at
42.98N and the two largest specimens at 43 and
57.18N.
Helicocranchia pfefferi
This species was originally described from the North
Atlantic, near Ireland at 51854’N, 11857’W and has
been reported from many locations in both the
Atlantic and Pacific Oceans. However, Voss et al.
(1992) suggested that there may be as many as 11
undescribed species in the genus. We found no
indication of more than one species in the MAR-
ECO collections. This species was not taken off
Nova Scotia (about 428N) by Vecchione & Pohle
(2002), although it has been found nearby at Bear
Seamount (about 408N, 678W; Vecchione, unpub-
lished observation). Lu & Clarke (1975) record it
from 408N in the eastern North Atlantic.
All trawls combined captured a total of nine
specimens ranging in size from 35 to 68 mm ML.
All specimens were taken in pelagic trawls, south
of the SubPolar Front, at 41.249.58N.
Leachia atlantica
The systematics of Leachia is also poorly resolved.
Leachia atlantica was first described from the North
Atlantic at 368N, 98W. We have placed all specimens
into this species but not with great confidence.
Because of taxonomic problems, the geographical
distribution of this species is uncertain.
All trawls combined caught four specimens ran-
ging in size from 41 to 55 mm ML. All specimens
came from the southern box at 41.342.98N.
Figure 6. Distribution of Mastigoteuthis agassizi in pelagic-trawl stations.
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Taonius pavo
This large, mid-water species is found throughout
much of the world’s oceans. The type locality is
‘Sandy Bay’, Atlantic Ocean. This species was
relatively common off Nova Scotia, but was not
taken by Lu & Clarke (1975) at 408N or farther
north in the eastern North Atlantic.
All trawls combined captured 23 specimens ran-
ging from 72 to 300 mm ML, only one of which
came from a benthic trawl. They were captured
throughout most of the MAR-ECO sampling range
from 41.2 to 59.98N. Most captures (15 squid),
however, came from the southern box.
Teuthowenia megalops
This is a common North Atlantic species first
described from off the Faroe Islands. Voss (1985)
reported that it occurs from about 43 to 658N in the
eastern North Atlantic and from about 30 to 508N in
the western North Atlantic. Lu & Clarke (1975)
found T. megalops to be common at 60 and 538N, but
absent at 408N, 208W.
All trawls combined captured 85 specimens ran-
ging in size from 12 to 320 mm ML. Ten of these
specimens, presumably contaminants, came from
bottom trawls. Captures were made throughout
much of the sampling range but with relatively few
captures (six specimens) from the southern box
(Figure 4), none of which were large (largest was
80 mm ML).
Discoteuthis laciniosa
A single specimen, 125 mm ML, was collected by
Akra trawl at 42841’N 30812’W.
Abraliopsis morisii
This species was originally described from the North
Atlantic at 398N, 208W, which is very near the
southern box of the present study. This species is
known from the tropical to warm temperate Atlantic
Figure 7. Distribution of Mastigoteuthis agassizi in bottom-trawl stations.
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Ocean, the Gulf of Mexico, and Mediterranean Sea
(Nesis 1982/87). Off Nova Scotia (about 428N) this
species was common (Vecchione & Pohle 2002 as A.
hoylei), but it was not taken by Lu & Clarke (1975)
at 408N or farther north.
All trawls combined captured three specimens
ranging in size from 18 to 36 mm ML and were all
taken in the southern box.
Gonatus steenstrupi
This species was the most numerous cephalopod
taken in this study but there is some uncertainty in its
identification. Two Gonatus species, very similar in
morphology, are known from the North Atlantic.
Kristensen (1981) recorded G. fabricii mainly in the
western North Atlantic, off southern Greenland and
in the Norwegian Sea, while G. steenstrupi was found
mostly in the eastern North Atlantic off Great Britain
and northern Spain, although some overlap in dis-
tribution of the two occurred. Falcon et al. (2000)
found paralarvae of both species in the central North
Atlantic. We anticipated finding both species in the
MAR-ECO sampling area. An important character
distinguishing the species is the number of small
hooks proximal to the large central hook on the
tentacular clubs. Gonatus fabricii has three such
hooks, plus one small sucker in line with them,
whereas G. steenstrupi is described as having 45
such hooks, with or without a small adjacent sucker.
During initial examination of the MAR-ECO speci-
mens as they were collected, we began by distinguish-
ing two morphological groups relying primarily on
tentacle-club armature. This, however, became a
problem as overlaps in morphology became obvious,
including some specimens on which one club had
characteristics of G. fabricii and the other club was like
G. steenstrupi. Lindgren (unpublished) analysed DNA
sequences for genes useful in discriminating species of
cephalopods (COI, 12S, and 16S) for two MAR-
ECO specimens that we initially identified as G.
fabricii and G. steenstrupi and compared them with
sequences from a G. fabricii from the western North
Atlantic (Bear Seamount) and one from the Canadian
Figure 8. Distribution of Pyroteuthis margaretifera in pelagic-trawl stations.
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Basin of the Arctic Ocean. She found that the two
MAR-ECO ‘species’ were genetically identical, but
differed from the western Atlantic and Arctic
G. fabricii, which were identical. Presumably, the
latter two specimens that Lindgren included were the
true G. fabricii, due to their proximity to the type
locality; this indicates that the MAR-ECO squids
are not that species. We therefore conclude that ours
are probably G. steenstrupi. With the accepted mor-
phological differences between species having failed
and our inability to clearly identify more than one
species present, we assumed that all specimens
captured, including those that were severely
damaged, belong to this species.
The type locality for G. steenstrupi is approximately
578N, 128W. Lu & Clarke (1975) found G. ‘fabricii’
to be common at 60 and 538N but absent at 408N,
208W.
The pelagic trawls captured over 400 G. steenstrupi.
It was very abundant from the CGFZ north while
lower numbers were taken somewhat farther south,
to the Faraday Seamount area (Figure 5). The
highest numbers collected were taken in the Krill
trawl. The specimens in that net, however, were
quite small (median ML21 mm). In the discrete
vertical samples collected by the Krill trawl, by far
the most G. steenstrupi were taken in the near-
surface samples and most of these came from the
CGFZ area. Of squids 30 mm ML or less in size, those
from the CGFZ comprised 76% of all caught in this
size category (and 41% of all-sized G. steenstrupi);
only 1% of this size group was found south of the
CGFZ. A different pattern was seen in the 52 squid of
60 mm ML or larger from pelagic trawls: 67% were
captured north of the CGFZ, 31% within the CGFZ
and 2% south of the CGFZ. Although this was also
the second most numerous species in the bottom
trawl samples (47 squid), these were also mostly small
specimens (median ML51 mm), which we strongly
suspect were collected as the bottom trawl was being
Figure 9. Distribution of Cirrothauma murrayi in bottom-trawl stations.
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deployed or retrieved through the water column.
During the ROV dives on leg 2, only large squids
(probably this species based on general morphology; a
single squid that was captured by the suction sampler
on the ROV was G. steenstrupi) were seen very near the
bottom. The distribution of the catch from the
bottom samples was similar to that of the pelagic
trawls with only five squid caught south of the CGFZ.
However, two of these (23 and 27 mm ML) were
caught in the southern box. Therefore with few
individuals caught south of the SubPolar Front (about
508N), we suspect that this frontal region marks the
effective southern limit of the species, at least during
the summer, although the boundary is not absolute.
The largest specimen collected was a 330 mm ML
squid taken in the bottom trawl and the smallest was
an 8 mm ML juvenile in the Krill trawl.
Histioteuthis bonnellii
This distinctive and well-known species was first
described from the Mediterranean Sea. Voss et al.
(1998) examined its distribution and found it
throughout much of the Atlantic Ocean (and else-
where) as far north as 608N but absent from the
Subtropical North Atlantic. This species was reg-
ularly taken off Nova Scotia (Vecchione & Pohle
2002) but was not taken by Lu & Clarke (1975) at
408N or farther north in the eastern North Atlantic.
All trawls combined captured 12 specimens ran-
ging in size from 12 to 105 mm ML. The Egursund
trawl captured specimens from 55.3 to 57.18N,
while the Aakra trawl captured specimens from
42.8 to 53.18N.
Histioteuthis corona
This species was originally described from the Gulf
of Mexico and is known throughout much of the
tropical and temperate North Atlantic. Voss et al.
(1998) indicated the most northern record for the
eastern North Atlantic was about 468N. In the
western Atlantic, it is common off Nova Scotia
(about 428N) (Vecchione & Pohle 2002), but was
Figure 10. Distribution of Grimpoteuthis discoveryi in bottom-trawl stations.
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not taken by Lu & Clarke (1975) at 408N or farther
north in the eastern North Atlantic.
All trawls combined captured four specimens
ranging from 24 to 44 mm ML, and all came from
the southern box at 41.342.88N.
Histioteuthis meleagroteuthis
This species was originally described from the South
Pacific. Its distribution is worldwide in tropical to
subtropical water but absent or rare in areas of low
primary productivity (Voss et al. 1998). It is un-
common off Nova Scotia (about 428N) (Vecchione
& Pohle 2002) and was not taken by Lu & Clarke
(1975) at 408N or farther north in the eastern North
Atlantic.
All trawls combined captured four specimens
of this species ranging in size from 24 to 44 mm
ML and all were taken in the southern box at
41.242.98N.
Histioteuthis reversa
This is the most common species of Histioteuthis in
North Atlantic trawl samples and was first de-
scribed from 408N, 718W. Voss et al. (1998) found
this species distributed throughout much of the
tropical and temperate North Atlantic (and regions
of the South Atlantic) to about 598N near the
present study area. Off Nova Scotia (about 428N)
this species was common (Vecchione & Pohle 2002)
and it was taken by Lu & Clarke (1975) at 538N
but not at 408N nor 608N in the eastern North
Atlantic.
All trawls combined captured 16 specimens ran-
ging in size from 22 to 130 mm ML. Surprisingly,
all captures came from the region 41.350.48N,
at or south of the Subpolar Front. Voss et al.
(1998) suggested that the scattered northern cap-
tures in their database could represent expatriates
(i.e. having been transported outside of their normal
Figure 11. Distribution of Opisthoteuthis grimaldii in bottom-trawl stations.
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range by currents, eddies, etc.). This interpretation
is supported by the present data.
Joubiniteuthis portieri
This distinctive species was described originally
from the North Atlantic at 298N, 168W. It is
uncommon in trawl samples. Scattered records of
this squid suggest it occupies tropical and subtro-
pical latitudes throughout the Atlantic and Pacific
Oceans (Young 2006). Off Nova Scotia (about
428N) this species was rare (Vecchione & Pohle
2002) and it was not taken by Lu & Clarke (1975)
at 408N or farther north in the eastern North
Atlantic.
The single specimen caught was taken in the
southern box at 41.68N.
Pholidoteuthis massyae
This poorly known species, originally described from
the North Atlantic at 488N, 168W, is considered to
be circumglobal from boreal and antiboreal to
tropical waters (Nesis 1982/87). It was captured off
Nova Scotia (about 428N) (Vecchione & Pohle
2002) but not in the eastern North Atlantic north
at 408N or farther north (Lu & Clarke 1975).
All trawls combined captured seven P. massyae
ranging in size from 40 to 68 mm ML. All captures
came from four stations in the southern box at
41.242.88N.
Lampadioteuthis megaleia
This poorly known species was first described from
the South Pacific. Its distribution in the Atlantic is
39418N at 56638W in the western North Atlantic
and 25338N at 20328W in the eastern North
Atlantic (Voss & Stephen 1992). It was not
captured off Nova Scotia (Vecchione & Pohle
2002) but it has been captured nearby at Bear
Seamount (Vecchione, unpublished). The known
range in the eastern North Atlantic was recently
Figure 12. Distribution of Stauroteuthis syrtensis in bottom-trawl stations.
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extended to about 448N and 288W (Diekmann
et al. 2002).
All trawls combined caught 26 specimens ranging
from 22 to 36 mm ML. All specimens were taken
south of the SubPolar Front, which during this
cruise was located just south of the CGFZ. A single
specimen was taken at 49.28N, while the rest were
taken in the southern box at 41.242.88N.
Magnapinna sp. A
The single specimen of this new species was not in
sufficiently good condition to name but was treated
in Vecchione & Young (2006).
One specimen, 90 mm ML, was captured in the
bottom trawl in the southern box at 42.88N.
Mastigoteuthis agassizii
The family Mastigoteuthidae probably contains the
numerically dominant squids of the bathypelagic
realm. Three species of mastigoteuthids were col-
lected during this cruise. The most numerous
species captured in this study, tentatively identified
as M. agassizii, presents a taxonomic challenge.
Four very similar species of Mastigoteuthis (M.
agassizii, M. grimaldi, M. schmidti and M. flammea)
have been described from the North Atlantic. These
were recently synonomized, based partly on the
MAR-ECO material, under M. agassizii (Young &
Vecchione 2007). Young et al. (2008) included a
MAR-ECO specimen in a DNA cladistic analysis
of Mastigoteuthis for another purpose, and found
that the MAR-ECO specimen nested within a clade
composed of M. agassizii from near the type loca-
lity of the species, based on the COI molecular
barcoding locus. We therefore consider all speci-
mens of this type of squid to belong to the single
species M. agassizii. Most mastigoteuthids from the
MAR-ECO cruise were badly damaged. The possi-
bility, therefore, remains that more than one species
could be included in material we have assigned to
M. agassizii although we found no evidence for this.
Figure 13. Distribution of Stauroteuthis syrtensis in pelagic-trawl stations.
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Mastigoteuthis agassizii was first described from the
western North Atlantic about 348N, 758W but was
rare off Nova Scotia (about 428N) (Vecchione &
Pohle 2002). Lu & Clarke (1975) reported it (their
Mastigoteuthis schmidti) from 40, 53 and 608N
at 208W.
All trawls combined captured 168 specimens.
This pelagic species was frequently caught (74
specimens) in the bottom trawl as well as the Aakra
and Egersund trawls but was rarely caught in the
Krill trawl. The maximum size of M. agassizii was
similar, 121130 mm ML, in the three largest trawls.
The smallest specimen, 19 mm ML, came from the
Krill trawl.
The overall distribution of catches (Figures 6 and
7) showed no indication of geographic pattern in the
study area. This was one of only a few cephalopod
species broadly distributed across the entire sampled
region.
Mastigoteuthis hjorti
This is a widespread but uncommon species, whose
type locality is the North Atlantic Ocean between 32
and 368N at 33448W. It was uncommon off Nova
Scotia (about 428N) (Vecchione & Pohle 2002) and
was not taken by Lu & Clarke (1975) at 408N or
farther north in the eastern North Atlantic.
We caught five specimens. All five captures (53
170 mm ML) came from Aakra trawl samples in the
southern box.
Mastigoteuthis magna
Mastigoteuthis magna was originally described from
the Sargasso Sea and appears to be common
throughout the tropical and temperate Atlantic
Ocean, but records are sparse. It was commonly
taken off Nova Scotia (about 428N) (Vecchione &
Pohle 2002) but was not taken by Lu & Clarke
(1975) at 408N or farther north in the eastern North
Atlantic.
All trawls combined collected 39 specimens.
Although very often damaged, the specimens that
were measurable ranged in ML 35220 mm, but
only one was smaller than 90 mm ML. Only a few
specimens were taken in the bottom trawl. All
captures came from the southern box.
Octopoteuthis sicula
All specimens were attributed to O. sicula but the
identity is uncertain due to the presence of two
similar species in the North Atlantic, one unde-
scribed (personal observations). Either of these two
species could be the true O. sicula. Octopoteuthis
sicula was originally described from the Mediterra-
nean Sea. It was rare off Nova Scotia (Vecchione &
Pohle 2002) and was not taken by Lu & Clarke
(1975) at 408N or farther north in the eastern North
Atlantic.
All trawls combined caught 20 specimens ranging
from 24 to 144 mm ML. All specimens were caught
at 41.550.38N, from the southern box to the
SubPolar Front.
Todarodes sagittatus
Todarodes sagittatus is in the family Ommastrephidae,
which includes squids that are among the most
muscular, fast-swimming and abundant cephalo-
pods of the open ocean. In spite of their physical
features that are suited for near-surface dwelling,
they are capable of roaming through great depths of
the oceans. Todarodes sagittatus is the only ommas-
trephid captured in this study. It is a common squid
found in the Mediterranean and eastern North
Atlantic as far west as Greenland and in some years
is found in the southern Barents Sea (Berenboim
et al. 1992). Outside of the Mediterranean it is
generally associated with continental slopes and
seamounts of the Mid-Atlantic Ridge (Dunning &
Wormuth 1998).
All trawls combined captured 15 specimens ran-
ging from 31 to 288 mm ML, with all but one
specimen coming from the southern box at 41.2
42.98N. One squid came from the first station at
59.98N and was, at 288 mm ML, 100 mm larger
than the next largest specimen.
Ancistroteuthis lichtensteini
This species was described from the Mediterranean
Sea, but outside this sea its distribution is poorly
known. It was uncommon off Nova Scotia (about
428N) (Vecchione & Pohle 2002) and was not taken
by Lu & Clarke (1975) at 408N or farther north in
the eastern North Atlantic. Otherwise, it is known
from only a few records from the tropical Atlantic.
All pelagic trawls combined captured 27 speci-
mens ranging from 9 to 175 mm ML; none was
taken in bottom trawls. The most northern record
was at station 22 near the SubPolar Front (about
508N), the largest catch was six squid taken near
488N. The rest, including the largest and smallest
specimens, were taken in the southern box between
about 41 and 438N. Six of the specimens were taken
in a single Krill trawl; all of the rest except one were
from the Aakra trawl.
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Onychoteuthis sp. A
The systematics of this genus is in disarray at
present. The specimens we examined superficially
resembled Onychoteuthis compacta from the central
Pacific Ocean (Bolstad 2008).
All trawls combined captured five specimens
ranging from 15 to 56 mm ML; all specimens
came from the southern box at 41.342.98N.
Promachoteuthis sloani
This is a species recently described partly from the
MAR-ECO material (Young et al. 2006a). The
species is only known from two specimens, the
MAR-ECO specimen, 62 mm ML (measured fresh
aboard ship; after fixation and preservation the squid
measured 58 mm ML which was the measurement
used the in species description), taken at 53.18N in a
tow that fished between the surface and 2792 m, and
a 102 mm ML specimen taken nearby by the R/V
Walter Herwig at 468N, 168W in 1973. Members of
this genus are bathypelagic.
Pterygioteuthis gemmata
Species of this genus are small, mesopelagic, verti-
cally migrating squids found in much of the tempe-
rate and tropical waters of the world’s oceans and are
often among the most abundant squids caught in
mid-water trawls. Off Nova Scotia (about 428N) this
species was common (Vecchione & Pohle 2002), but
it was not taken by Lu & Clarke (1975) at 408N or
farther north in the eastern North Atlantic.
All trawls combined captured only five squid
ranging from 17 to 28 mm ML, and all were taken
in the southern box at 41.542.78N. Most (four
captures) of these small squid were taken by the
Aakra rather than the Krill trawl.
Pyroteuthis margartifera
This is also a small mesopelagic, vertically migrating
species found in much of the tropical and temperate
Atlantic and Indian Oceans and the southern
temperate portions of the Pacific Ocean (Young &
Mangold 1996). It was abundant off Nova Scotia
(about 428N) (Vecchione & Pohle 2002) but was not
taken by Lu & Clarke (1975) at 408N or farther
north in the eastern North Atlantic.
All trawls combined captured 48 specimens ran-
ging from 10 to 34 mm ML and all specimens came
from the southern box at 41.242.88N (Figure 8).
Most captures (85%) of this small squid were made
by the Aakra rather than the Krill trawl.
Octopodiformes
Octopoda: Cirrate octopods
The finned octopods, or Cirrata, are pelagic,
benthopelagic, or demersal deep-sea species, some
of which are very large. Their gelatinous consistency
makes them easily damaged by trawl sampling and,
until recently, the entire group was very poorly
known (Collins & Villanueva 2006).
Cirroteuthis muelleri
This pelagic species originally described from off
west Greenland, is characteristic of the Arctic,
including under the ice cap (Nesis 2001), on either
side of Greenland from about 65 to 758N, but is
also known from the North Atlantic as far south as
48.88N, 16.58W (Collins et al. 2001), the North
Pacific (Voss & Pearcy 1990) and off New Zealand
(O’Shea 1999). Collins et al. (2001) found that
peak abundance (6/km2) in the North Atlantic
occurred at 30003500 m in the Porcupine Seabight
(49.68N, 14.08W). At all of their sampling sites they
recorded the presence of this species between 700
and 4854 m.
We collected three specimens of C. muelleri, 46
77 mm ML, in bottom trawls from two stations
north of the CGFZ at 53.3 and 53.18N.
Cirrothauma magna
The pelagic C. magna was previously known from
only four specimens. It was originally described from
the Indian Ocean at 478S, 468E and is also known
from the North Atlantic at 238N, 188W and 158N,
478W (Guerra et al. 1998) and the South Pacific at
408S, 1788E (O’Shea 1999).
All trawls combined caught a single, small speci-
men, 33 mm ML, in a bottom-trawl sample from
north of the CGFZ at 53.18N, 34.88W along with
two larger Cirroteuthis muelleri. The small octopod
was originally misidentified as belonging to the same
species as the larger specimens. Lindgren (unpub-
lished) compared its DNA with that of a C. muelleri
from the Arctic Ocean and showed that the MAR-
ECO specimen was not C. muelleri. Examination of
the shell of this specimen at the Bergen Museum
enabled its correct identification as C. magna.
Cirrothauma murrayi
Cirrothauma murrayi is a pelagic species that has
been referred to as ‘the blind octopus’ because of its
regressed eyes, although the eyes probably still
function as photoreceptors (Aldred et al. 1983). It
was originally described from the North Atlantic at
488N, 378W, near the area of the present study, and
44 M. Vecchione et al.
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is very broadly distributed in deep waters of the
Atlantic, Pacific, and Arctic Oceans.
We collected six specimens, 15175 mm ML, in
bottom trawls in the southern box at 42.943.08N
and in the southern part of the GCFZ at 51.3
51.58N (Figure 9).
Grimpoteuthis discoveryi
Although recently described from the Porcupine
Seabight at 49.68N, 14.08W, this small benthic
species is common at depths of 26004870 m in
the northeastern Atlantic at 35578N4 (Collins
2003).
All eight specimens, ranging in size from 50 to 100
mm ML, came from bottom trawls in the southern
part of the CGFZ area at 51.351.58N (Figure 10).
Grimpoteuthis wuelkeri and Grimpoteuthis sp.
A benthic species, G. wuelkeri was very poorly known
until Collins (2003) redescribed it based on a few
specimens from the continental slopes of the north-
western Atlantic at 36.28N, 74.58W and the north-
eastern Atlantic at 35.856.78N, 8138W.
One specimen of 160 mm ML from the bottom
trawl in the southern box at 42.98N is similar to
G. discoveryi, but was identified as G. wuelkeri by
Collins. Another small specimen (22 mm ML) taken
in a bottom trawl also from the southern box could
only be identified as Grimpoteuthis sp.
Grimpoteuthis sp. A
Five specimens of the benthic Grimpoteuthis sp. A,
2262 mm ML, all taken from a single bottom trawl
in the southern box at 42.88N, may belong to an
undescribed species according to Collins, who
examined them at the Bergen Museum.
Opisthoteuthis grimaldii and Opisthoteuthis sp.
The early description (1903) of the benthic O.
grimaldii and the poor knowledge of cirrates in the
first half of the twentieth century resulted in reports
of this species from many localities in the Atlantic
and Indian Oceans. Most of these records were
questioned by Villanueva et al. (2002) and they
confirmed identifications only from the Eastern
Atlantic from off Namibia (24.58S) to the Rockall
Trough (about 558N) at depths of 11352287 m.
Although the type locality of O. grimaldii is 55
miles NW of Fayal, Azores Islands, at 1900 m, none
of the specimens we collected that could be identi-
fied confidently as O. grimaldii were taken near the
Azores; we found them only in bottom trawls from
the CGFZ area at 51.853.38N (Figure 11). An
additional four small specimens that could only be
identified as Opisthoteuthis sp. included two from
the southern box near the Azores.
Due to their unusual morphology, mantle length
measurements of Opisthoteuthis species are not a very
reliable measurement of overall size. Our O. grimaldii
specimens ranged from 15 to 95 mm ML and up to
2 kg in weight.
Stauroteuthis syrtensis
This pelagic species was first described off Nova
Scotia and may be common throughout the North
Atlantic Ocean (Collins & Henriques 2000). In the
eastern North Atlantic, Collins & Henriques (2000)
recorded captures from about 49 to 578N at
10258W.
This was the most numerous cirrate captured (76
specimens) and among the largest of the cephalo-
pods captured (size ranged from 20 to 350 mm ML
and weight from 35 to 3905 g; mean weight was
1300 g). This octopod was common in both mid-
water (51 animals) and bottom trawls (25 animals)
and was collected at stations throughout most of the
study area from 41.3 to 578N (Figures 12 and 13). It
was also one of the few cephalopod species observed
during the ROV dives on this cruise.
The bottom-trawl captures suggest a greater
number of catches on the flanks of the mid-Atlantic
Ridge (Figure 12). This pattern is confirmed by the
depth of the catches: 5 octopods caught in 4 tows at
more than 2000 m, 15 octopods caught in 3 tows
between 2000 and 1500 m, and 5 caught in 3 tows at
depths less than 1500 m.
Stauroteuthis syrtensis is a pelagic octopod that is
often observed from submersibles near the ocean
floor, but few data exist on how far above the ocean
floor they can occur. We caught S. syrtensis in 12
pelagic trawls whose maximum fishing depths ran-
ged from 222 to 1692 m (median 660 m) above the
ocean floor. The tow farthest from the ocean floor
fished predominately at 20151800 m and caught
seven octopods, the second highest catch. The
largest pelagic catch came from an Egersund trawl
that fished mostly between 1450 and 1000 m, about
870 m above the ocean floor at 2642 m, and caught
21 octopods.
Cirrata: genus and species unknown
Two small (9 and 11 mm ML) cirrates were taken in
a Krill trawl at 55.68N that fished between 1489 and
1997 m depth over a bottom of 2144 m and
therefore sampled between 147 and 655 m off the
ocean floor. As far as is known, all cirrates lay very
large eggs attached to objects on the deep ocean
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floor. These two specimens were recent hatchlings,
indicated by their comparatively short arms and
huge fins, and probably the youngest post-embryo-
nic cirrates ever captured.
Octopoda: Incirrate octopods
The incirrate octopods include the common shal-
low-water benthic octopods as well as a variety of
pelagic and deep benthic species. Because of the
great depths and limited numbers of bottom trawls,
we collected very few benthic incirrates.
Haliphron atlanticus
This cosmopolitan pelagic octopod is often asso-
ciated with continental slopes and was first described
from the western North Atlantic at 398N, 708W.
Haliphron atlanticus has been reported from as far
north as 688N, 148E in the eastern North Atlantic
(Willassen 1986) and is common off Nova Scotia
(about 428N) in the western North Atlantic (Vec-
chione & Pohle 2002).
All trawls combined captured four specimens
ranging in size from 53 to 70 mm ML. All specimens
were taken south of the Sub-Polar Front at 41.7
48.08N.
Bolitaena pygmaea
This meso- to bathypelagic octopod, first described
from the western North Atlantic, is known world
wide in tropical warm-temperate waters (Thore
1949). It was rarely captured off Nova Scotia (about
428N) (Vecchione & Pohle 2002) and was not
reported by Lu & Clarke (1975) at 408N or farther
north in the eastern North Atlantic.
Only two specimens (38, 55 mm ML) were
collected in the present study and both were taken
from the southern box at 42.98N.
Japetella diaphana
This pelagic octopod was originally described from
the tropical Pacific and inhabits tropical to tempe-
rate seas circumglobally and reaches boreal waters
in the North Pacific. It was rarely captured of Nova
Scotia (about 428N) (Vecchione & Pohle 2002) and
was reported by Lu & Clarke (1975) at 408N in the
eastern North Atlantic but not farther north. This
species is very common in many localities at lower
mesopelagic to bathypelagic depths but was caught
rarely in the present study.
All trawls combined caught four specimens ran-
ging from 15 to 85 mm. All were caught in the
southern box from 41.2 to 42.98N.
Bathypolypus pugniger
This species was recently described in a review of the
genus by Muus (2002). He described the distribution
as the FaroeIceland Plateau in warm Atlantic water,
with an exceptional specimen from West Greenland.
The species is also known from the Barents Sea
(Vecchione, unpublished observation).
A single 32 mm ML specimen of this recently
described benthic species was taken in the bottom
trawl at the same station north of CGFZ as the
G. verrucosa noted below.
Benthoctopus johnsoniana
In their recent description of B. johnsoniana, Allcock
et al. (2006) listed its distribution as Rockall Trough
to Porcupine Seabight (49598N) at depths of 1400
2520 m. However, it is likely to be much more
widely distributed in the deep waters of the North
Atlantic (Vecchione, unpublished observation).
A large (102 mm ML) octopod taken in a bottom
trawl north of the CGFZ at 53.18N was tentatively
identified as this benthic species by Collins, one of
the authors of the species’ description.
Graneledone verrucosa
We took only two specimens of this deepwater
benthic octopod that is found from 20 to 658N in
the North Atlantic (Allcock et al. 2003), one small
(55 mm ML, 160 g) and one large (130 mm ML,
weight over 2 kg), both from a single bottom trawl
north of the CGFZ at 52.98N.
Ocythoe tuberculata
This muscular pelagic octopod is found worldwide
in temperate waters. Off Nova Scotia (about 428N) a
single specimen, tentatively identified to this species,
was captured (Vecchione & Pohle 2002) and it was
not taken by Lu & Clarke (1975) at 408N or farther
north in the eastern North Atlantic.
Only two specimens were captured during the
present study. The larger specimen was taken at
49.58N and the small specimen (9 mm ML) was
taken in the southern box at 42.88N.
Vampyromorpha
Vampyroteuthis infernalis
This primitive and distant relative of common
octopods is found in bathypelagic depths of tropical
and temperate regions of the world’s oceans. It was
first described from the equatorial Atlantic. Off
Nova Scotia (about 428N) this species was rare
(Vecchione & Pohle 2002); it was reported by Lu &
46 M. Vecchione et al.
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Clarke (1975) at 408N, but not farther north in the
eastern North Atlantic.
All trawls combined captured four specimens
ranging in size from 80 to 135 mm ML. The most
northern capture was from 57.18N and the south-
ern-most from 42.78N. Our northern record appears
to be the farthest north this species has been found
in the North Atlantic (see Nesis 2003).
Discussion
Trawl comparisons
The larger trawls have some disadvantages when
catching cephalopods. Mid-water cephalopods do
not appear to be effectively herded by the large
meshes of the trawl wings and the front region of the
net belly into the cod end, as are most deep-sea
fishes (Sutton et al. 2008). As a result, squids
frequently encounter the meshes and become en-
tangled due to their soft bodies and long arms and/or
tentacles. After each tow, a large portion of the
cephalopod catch remains in the meshes of the fore-
net and not in the cod-end compartments. Occa-
sionally, pauses as the net was wound onto its
storage drum allowed some animals to be picked
from the meshes; additionally, some of the entangled
cephalopods would fall from the meshes onto the
deck and were added to the catch. However, many of
the cephalopods were destroyed as the net rolled
onto the net drum. We were unable to determine this
latter number because safety concerns mandated
that the trawl be brought aboard as quickly as
possible. Contamination of separate cod-ends, de-
signed to sample separate vertical ranges, from the
washout of specimens from the fore-net (Pearcy
1983) can be especially severe with cephalopods
because of their tendency to hang-up in the mesh.
As expected, the Krill trawl with a smaller mouth
area and uniform, small mesh exhibited different
catch characteristics than the Aakra trawl with a
larger mouth area and graded mesh (Table II).
Sutton et al. (2008) used catchability coefficients
(i.e. the ratio of Aakra trawl catch numbers to those
of the Krill trawl) to compare fish catches in the
trawls and found that the catchability coefficient
varied with size, mobility, and behaviour of the fish
species and that catchability with the Aakra trawl
was less than that predicted by differences in mouth
areas. Sutton et al. (2008) did not extend the
comparisons to the Egersund trawl because the
sampling path of the Egersund was different from
that of the other two trawls. Because of the complex-
ity of catchability problems and the low number of
cephalopods captured relative to fishes (approxi-
mately an order of magnitude difference in the
present cruise), we have not attempted quantitative
comparisons of the catch between trawls.
Geographic distribution
In the northsouth range of this study we encoun-
tered large changes in the species diversity among
pelagic cephalopods (Figure 1). The highest diver-
sity, as would be expected, occurred at the southern
end of the sampling area; the sharp increase in
diversity in the southern box indicated a major
faunal shift. A passage from the daily MAR-ECO
website record made aboard ship after the first tow
taken in the southern box (MAR-ECO website, 28
June 2004: http://www.mar-eco.no/Shiptoshore/g._o._sars/
cruise_journal_gosars/28June) emphasized this dramatic
faunal change.
We had traversed 58 latitude between the previous
station and the first station in the southern box. In
doing so we had passed from the North Atlantic
Drift Province (NADP) into the East North Atlantic
Subtropical Gyral Province (NAST-E). These geo-
graphical provinces are based on characteristics of
physical oceanography (especially circulation) and
primary production and their seasonal variation in
the upper (epipelagic) layer of the ocean (Longhurst
2007). The biogeographic pattern defined by this
approach should also hold for species living at
mesopelagic depths (or greater depths for some
species) since, as larvae of most species are directly
dependent on epipelagic waters as a full-time habitat
and, as adults, they are directly or indirectly depen-
dent on the epipelagic for feeding (via vertical
migration or via feeding on migrants or falling
detritus). Thus, somewhat similar biogeographic
patterns for the North Atlantic have been shown
for mid-water fishes (Backus et al. 1977) and for
cephalopods by Nesis (1985, 2003). These latter
patterns, however, were drawn from limited animal
distribution records rather than extensive habitat
data, much of which can be extracted from satellite
observations. While biogeographic boundaries are
not rigid, Longhurst places the division between the
NADP and the NAST-E at about 40448N, which
coincides well with the changes we observed. No
other study on cephalopods in this region has been
able to chronicle the changes in passing from one
region into the next or indicate the large number of
species involved. Seventeen pelagic cephalopod
species were encountered exclusively in the southern
box. However, only three of these were common.
The most abundant was Pyroteuthis margaritifera.
Seven species were rare, having only one to four
captures.
The Nova Scotia site (Vecchione & Pohle 2002)
lies at the boundary between the NWCS (Northwest
Cephalopods of the northern Mid-Atlantic Ridge 47
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Atlantic Shelves Province) and the GFST (Gulf
Stream Province). The latter is part of the larger
Atlantic Westerly Winds Biome of which both the
NADP and NAST-E belong. As a result, the shared
diversity of all pelagic species combined from the
two regions, 51%, was substantial.
Considerable advances were made in further
defining individual species distribution patterns
which do not always fit neatly into faunal provinces
(Table III). Along with the 17 species found only in
the southern box, an additional 6 were primarily
found in the southern box but had minor represen-
tation farther north to the region of the CGFZ or the
SubPolar Front. An example of this latter pattern
is seen in Heteroteuthis dispar (Figure 3), which had
43 captures in the southern box with 3 captures
scattered farther north to about 528N. Three other
species, Histioteuthis reversa, Brachioteuthis beanii and
Cirrothauma murrayi, all caught in low numbers, did
not fit well into the latter category. All were found in
the southern box but with a high percentage of
captures north to or into the CGFZ.
We found few species that we consider ‘northern’
species. The most abundant of these was Gonatus
steenstrupi, in which early juveniles were most
abundant in the CGFZ region but two-thirds of
subadults and adults were taken north of the CGFZ
to the most northern stations. Very few of either size
were taken south of the CGFZ (Figure 5). Another
abundant ‘northern’ species, Teuthowenia megalops,
was taken throughout the sampling range beginning
with the northern-most stations, but we caught few
individuals in the southern stations. For example,
the Krill trawl north of 478N averaged four times the
catch rate to the south of this latitude, while the
Aakra trawl in the more northern waters averaged
five times the catch rate farther south. Our data
support those of Voss (1985) and Lu & Clarke
(1975), which indicate that the distribution limit
Teuthowenia megalops in the eastern North Atlantic is
near our southern box. A possible third ‘northern’
species is Chiroteuthis veranyi, but it was represented
by only three captures. Our data either represent a
considerable range extension for this species or we
are dealing with an unrecognized species complex.
Except for Stauroteuthis syrtensis, which we will
discuss below, other abundant species captured in
northern waters were found throughout the southern
region as well, with no clear indication that their
northern or southern distributional limits occur
within the area sampled. One species in this ‘broadly
distributed’ category, Mastigoteuthis agassizii, exhib-
ited a drop in numbers in the southern box but
is known to be widely distributed farther south
(Vecchione & Young 2007). We interpret the lower
southern numbers in our study to indicate low-
er population abundance there due, perhaps, to
lower productivity in this region. Some species that
we tentatively place in the ‘broadly distributed’
Table III. Geographic patterns of species for which catch was
sufficient to indicate pattern.
Broadly distributed species, found throughout the study area
Mastigoteuthis agassizii
Bathyteuthis sp. A
Galiteuthis armata
Histioteuthis bonnellii
Planctoteuthis levimana
Todarodes sagittatus
Vampyroteuthis infernalis
Stauroteuthis syrtensis
Southern-box species
Abraliopsis morisii
Ancistroteuthis lichtensteinii
Chiroteuthis mega
Chtenopteryx sicula
Grimalditeuthis bonplandi
Histioteuthis meleagroteuthis
Histioteuthis corona
Japetella diaphana
Bolitaena pygmaea
Joubiniteuthis portieri
Leachia atlantica
Magnapinna sp. A
Mastigoteuthis hjorti
Mastigoteuthis magna
Ocythoe tuberculata
Onychoteuthis sp. A.
Pholidoteuthis massyae
Pterygioteuthis gemmata
Pyroteuthis margaritifera
Grimpoteuthis wuelkeri
Grimpoteuthis sp. A
Southern-box species with few captures to or toward the CGFZ
Bathyteuthis abyssicola
Haliphron atlanticus
Helicocranchia pfefferi
Heteroteuthis dispar
Lampadioteuthis megaleia
Octopoteuthis sicula
Species with southern box and CGFZ affinities
Brachioteuthis beanii
Histioteuthis reversa
Cirrothauma murrayi (benthic)
Species found only near the CGFZ
Promachoteuthis sloani
Opisthoteuthis grimaldii (benthic)
Grimpoteuthis discoveryi
Cirrothauma magna (benthic)
Graneledone verrucosa (benthic)
Bathypolypus pugniger (benthic)
Benthoctopus johnsoniana (benthic)
Cirroteuthis muelleri (benthic)
Northern species, found north of the subpolar front
Gonatus steenstrupi
Teuthowenia megalops
Chiroteuthis veranyi?
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category are represented by low numbers. One of
these, Todarodes sagittatus, had a peculiar species
distribution: 14 of the 15 pelagic catches came from
the southern box, the one exception was a large
squid, 288 mm ML (which is more than 100 mm
larger than any other Todarodes sagittatus captured
during the MAR-ECO cruise), was taken at 59.98N.
This squid is thought to undergo large horizontal
migrations and to spawn south of 458N (Berenboim
et al. 1992). Perhaps the large squid was a bit late in
a southern migration.
One broadly distributed octopod, Stauroteuthis
syrtensis, had low or no catches at both the northern
and southern limits of the sampling. The northern-
most capture by the Krill or Aakra trawls was at
56.3N8, and 57.18N was also the northern record for
the Egersund trawl. No S. syrtensis were caught in
the northern-most two stations, near 608N. How-
ever, judging from the low capture rates (1.6
octopods/Aakra-trawl and 0.4 octopods/Krill-trawl)
in the more central latitudes, the absence at the three
high latitude trawls could be due to chance. In the
southern box, only 1 capture in 10 pelagic tows
suggests that this is near the southern limit of
distribution. This interpretation is supported by
bottom-trawl catches which caught one octopod in
six southern tows while the more northerly stations
averaged 1.9 octopods/trawl.
Several benthic and one pelagic species, all taken
in small numbers, were captured only in the region
of the CGFZ; little can be said about their geo-
graphic distribution except where these records
represent a range extension.
Bottom-associated pelagic species
Members of Oegopsida are all pelagic squids, but
some species associate with or occasionally rest on
the ocean floor and are, therefore, susceptible to
capture by bottom trawls. These animals may also
appear in bottom trawls as contaminants caught
during setting or retrieval of the trawl as it passes
through pelagic waters. The use of both pelagic and
bottom trawls throughout part of the study area
allows us to consider qualitatively the question of
pelagic species that tend to be concentrated in
abundance near the bottom. Such a pattern was
suggested by our data for three to four species of
oegopsid squids as well as for all cirrate octopods,
with the possible exception of one species.
One bottom-associated squid was Mastigoteuthis
agassizii. If we examine sampling areas where both
M. agassizii and G. steenstrupi are abundant (i.e. the
region of the CGFZ), the Aakra and Krill trawls
combined captured over six times the number of G.
steenstrupi that the bottom trawl did, suggesting a
bottom trawl contamination rate of about 16%.
However, in this region the bottom trawl caught
nearly three times the number of M. agassizii as
these two pelagic trawls. These observations clearly
suggest a concentration of the latter species near-
bottom. The high abundance indicated by the
bottom-trawl catches is consistent with submersible
observations that mastigoteuthids commonly drift
just above the bottom (Roper & Vecchione 1997;
Young et al. 1998; Vecchione et al. 2002). The other
two species of mastigoteuthids captured, however,
did not show evidence of bottom association. For
squid species that were not numerous in our
samples, the pattern is less clear. We are therefore
not certain whether the occurrence of a species such
as Grimalditeuthis bonplandi primarily in the bottom
trawl indicates aggregation near bottom. The species
is known to undergo an ontogenetic descent through
the water column off Hawaii (Young 1978), with
specimens similar in size to our bottom-trawl cap-
tures found in deep water (7001300 m) but far
above the bottom. Although five of our G. bonplandi
were caught in the bottom trawl and only one in
mid-water, the latter, from an Aakra trawl, was the
largest specimen taken. A similar situation exists for
Chiroteuthis veranyi, of which two smaller specimens
were caught in the bottom trawl and one larger
specimen was in the Aakra trawl. Our separation
of Bathyteuthis into two species indicates a possi-
ble vertical separation of the species. Both of the
B. abyssicola specimens came from the bottom trawl
whereas Bathyteuthis sp. A was more numerous (30
specimens) and 80% were taken by pelagic trawls.
Observations from submersibles have shown cir-
rate octopods of the genera Grimpoteuthis and
Opisthoteuthis to sit on the bottom and to swim or
drift just above it (Vecchione & Roper 1991;
Vecchione & Young 1997: Felley et al. 2008). All
of our specimens of these genera were collected in
the bottom trawl. However, the cirrate families
Cirroteuthidae and Stauroteuthidae are considered
to be wholly pelagic (Roper & Brundage 1972;
Vecchione & Young 1997), but more specifically,
benthopelagic in distribution (Villanueva et al. 1997:
Collins & Henriques 2000). Surprisingly, all of our
cirroteuthids (genera Cirroteuthis and Cirrothauma),
with the possible exception of the two very small
unidentified juveniles which could have been either
cirroteuthids or stauroteuthids, were collected only
by the bottom trawl. Conversely, a large number of
Stauroteuthis syrtensis were taken in mid-water,
including a specimen that had to have been at least
1690 m above the bottom, although most specimens
of S. syrtensis came from the bottom trawl. The only
cirrate octopod observed during the ROV dives on
this cruise was a large S. syrtensis close to the bottom
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near the CGFZ. It therefore appears that this species
aggregates near the bottom but its distribution also
extends far up into the deep water column.
Rare species
We found many species at very low numbers (i.e.
37 species with B10 specimens in all gear types
combined). Some of the uncommon-to-rare species
we encountered are never represented by more than a
few specimens, even in very extensive sampling in
other locations. Included in this category among our
catches are Promachoteuthis sloani, Magnapinna sp.
(indeed all Promachoteuthis and Magnapinna spp.
worldwide), Joubiniteuthis portieri, Grimpoteuthis
spp., Discoteuthis laciniosa, the cirroteuthid cirrates,
most deep benthic octopodids, Mastigoteuthis hjorti,
both Histioteuthis meleagroteuthis and H. corona,
Planctoteuthis levimana, Grimalditeuthis bonplandi,
and Pholidoteuthis massyae. It is difficult to determine
whether these species are truly rare (i.e. widely
distributed with very low or very patchy abundances)
or just poorly sampled by the methods used. Either
way, the only way to learn much about the biology of
any of these species is by aggregating specimens from
many different studies to accumulate a sample size
adequate to infer patterns. This is an important
reason for preserving the specimens in an archival
museum available to researchers around the world.
Some of the species we caught were surprisingly
rare considering that they are common in other
geographic areas. For example, the genus Abraliopsis
and other members of the family Enoploteuthidae
were common off Nova Scotia (6 species, 867
individuals), but rare in the MAR-ECO area (1
species, 3 individuals). Pterygioteuthis spp. are con-
sistently among the numerically dominant mesope-
lagic squids in tropical and temperate seas. For
example, off Nova Scotia, 327 P. gemmata were
caught (ranked fourth in abundance), yet we caught
only 5. Histioteuthis reversa is likewise very abundant
in similar sampling in the western North Atlantic
(Vecchione 2001; Vecchione & Galbraith 2001;
Vecchione & Pohle 2002); again, we caught relatively
few. Large, muscular squids like Todarodes sagittatus
(and other ommastrephids, such as Ommastrephes
bartramii, which we did not catch at all) and
Onychoteuthis spp. are sometimes very abundant,
although difficult to sample with trawls. We expected
to see much higher abundances of such squids, at
least the juvenile stages. A similarly muscular
octopod, Ocythoe tuberculata, has been caught in
large numbers in surface gill nets in the North
Pacific (M. Seki, personal communication) while
rarely being taken in trawls there. Therefore, our two
O. tuberculata specimens may not be at all represen-
tative of the occurrence of the species in our study
area.
How much the relative differences between our
data and those from other studies represent real
differences or sampling problems is uncertain. In
addition, the present study, while extensive, was a
summer-season snapshot. Sampling on this single
cruise was not designed to assess temporal varia-
bility. We have yet to discover the extent of seasonal
changes either in species composition or in the
occurrence of any of the species we found in the
region of the northern Mid-Atlantic Ridge.
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